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The information in this bulletin is designed to help farmers
make decisions concerning irrigation. It is based on a survey of 71
farms irrigating cotton in 1956. The analysis shows that irrigation
was very profitable on the 71 farms surveyed in 1956, average net
returns varying from $45 to about $75 per acre. The year 1956 was
relatively dry during the production season.
The bulletin presents information on the investment required
for various acreages, the costs of operating a system, and returns
from irrigation. The data shown are in the form of averages. In-
dividual farms had costs, yields, and returns both higher and lower
than those shown. The data are shown separately for flooding and
sprinkling where differences were large and reliable enough to
justify doing so. Otherwise, the data were combined as averages for
the two systems.
''Bench mark'^ data are presented for use in estimating
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Irrigation Costs and Returns for Cotton in
the Mississippi and Red River Delta
Areas of Louisiana
Gene D. Sullivan and Fred H. Wiegmann*
I. INTRODUCTION
Irrigation is a relatively new but growing practice in cotton
production in Louisiana. According to the census of 1954 there
were 3,682 acres of land irrigated in 1949 in 27 North Louisiana
parishes. By 1954 this had increase to 33,027 acres.^ Most of the
irrigated acreage was cotton. Most of the irrigation was in the Red
River and Mississippi Delta Areas. About 8 percent of the irrigated
acreage was in the Hill Parishes.
As interest in irrigation increases, the need for information con-
cerning the practice also increases. This is true of both agronomic
and economic data. The decision to invest or not to invest in an irri-
gation system is an important one on farms where irrigation is possi-
ble. Most farmers have a limited amount of money for productive
purposes and many alternative ways in which it may be used. Invest-
ing in an irrigation systsm often means some other investment must
be postponed or, possibly, done without.
Whether or not to install an irrigation system, the kind to
use, and many related decisions must be determined for the indi-
vidual farm. Information from farms already using irrigation,
however, may be helpful in making such decisions. The research
reported in this publication is an economic analysis of data ob-
tained from a group of 71 farmers irrigating cotton in North Lou-
isiana. The purpose of the study was to determine the costs and
returns due to irrigating cotton under Louisiana conditions. This
kind of information has been very limited. The data following should
prove helpful as ''bench mark" material for the use of farmers, and
those who work with farmers, when considering irrigation.
*Department of Agricultural Economics. The authors are indebted to
Joe R Campbell, J. N. Efferson, and M. D. Woodin for critical review of
the manuscript. Errors are, of course, the responsibility of the authors.
'These figures do not include "land used solely for pasture and graz-
ing," 1954 Census of Agriculture for Louisiana, p. XIX.
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Source of Data
The data were obtained from cotton farmers in Catahoula,
Franklin, Richland, Ouachita, and Caldwell parishes in the Missis-
sippi Delta Area and in Caddo and Bossier parishes in the Red River
Delta Area, as shown in Figure 1. The cost information was obtained
by interviewing farmers during August 1956, when most farmers
had finished irrigating for the season. The information on yields
was obtained partly by mailed questionnaire and partly by personal
interview in January of 1957, after all farmers had finished harvest-
ing the 1956 crop.
Only a small proportion of farmers are using irrigation at the
present time. The 71 farmers represent the major portion of those
irrigating in some of the parishes. Farms were selected from a list,
stratified by acreage, to include both sprinkling and flooding sys-
tems and a wide range in the number of acres irrigated under each
system.
FIGURE 1—Parishes Included in the Sample.
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The farms ranged in size from 13 to 283 acres of irrigated cot-
ton. Most of the farms also grew cotton which they did not irri-
gate. This provided a comparison of cotton yields from irrigated and
non-irrigated plots grown under similar conditions except for the
additional water.
Of the 71 farmers contacted 39 used flooding systems and 32
used sprinkler systems.
Method of Analysis and Presentation
The data in the tables following are averages based on straight
line regressions. That is, straight lines (Figure 5, for example) were
mathematically fitted to the data in terms of totals (total invest-
ment, total hours of labor, total cost, etc.). A point on a lina repre-
sents an average of a total from the available data, for a particular
acreage. Data for individual farms fall above and below the aver-
age. The ''per acre" averages are obtained by simply dividing an
average total by the number of acres with which it is associated.
In most cases the data for sprinkling and flooding are combined. For
some items, where differences were sufficiently large and reliable,
the data are presented separately for the two systems.
The cost data are shown in three parts. In Part III costs are
shown separately for various cost items (investment, pipe, labor,
etc.). These costs were estimated separately (1) in order to deter-
mine their relationship to one another and to the number of acres
irrigated and (2) so that the estimates could be used later (in Part
IV) as a basis for determining ''expected" or "bench mark" costs of
irrigation for a season. To do this it is necessary to separate fixed
and variable costs, since total variable costs (labor, power, etc.) de-
pend on the number of irrigations while total fixed costs (deprecia-
tion, interest) do not.
Part IV presents cost data in a form that should be useful for
"bench mark" purposes in estimating the cost of irrigation as relat-
ed to the number of irrigations expected. The method of making
such estimates is illustrated, using data based on Part III.
In Part V the actual costs of irrigation are shown for the 71
farms for 1956. These costs are not on a per irrigation basis. They
simply show what total and per acre costs of irrigation were during
1956. These data lay the groundwork for determining whether irri-
gation on the 71 farms was profitable in 1956. The cost data and in-
formation on dollar returns are combined in Part VI to yield an aver-
age of actual net returns to irrigation for the 1956 cotton crop on the
71 farms in the study.
Rainfall, Irrigation, and Yields
An irrigation system in a humid area can only supplement rain-
fall. Irrigation may be thought of both as a yield increasing practice
and as insurance against untimely droughts. Assuming proper op-
eration of the system, the relative profitability from irrigation in
different years will depend on the amount and distribution of rainfall.
In a dry year irrigation can be highly profitable. Even in a wet year
it can prove profitable if sufficient rainfall does not come at the right
times.
The long-time average rainfall for Louisiana is about 55.5
inches. The weather in 1956 was generally warmer and drier than
average. Rainfall was subnormal at most reporting weather sta-
tions, with the deficiencies increasing from east to west. The rain-
fall data reported below were taken from the annual summary of
May June July August
Northeast Louisiana
Bastrop — 2.07 2.89 — .97 .80
Lake Providence — 1.36 + .03 + 1.10 + .56
Tallulah — 2.20 + .02 — 1.08 + .08
Monroe — 3.35 + 1.32 — 1.10 .43
Winnsboro — .40 2,21 — 1.86 + 2.74
St. Joseph + .43 .51 — 1.80 4.29
Jonesville — 2.88 1.40 — 3.66 1.99
Northwest Louisiana
Plain Dealing — 1.38 + .52 — 3.75 + .91
Minden — .49 .27 — 3.09 .84
Natchitoches — 2.86 + 1.08 — 3.47 2.17
Shreveport — .70 + .47 — 3.40 .12
Climatological Data for 1956. They show the deviations from aver-
age rainfall for the particular stations in Northeast and Northwest
Louisiana in 1956.
The stations shown are those with long-time records which per-
mit estimates of deviation from average. They are in the two areas
in which data for this study were obtained. Rainfall is generally
much below average for the months and stations. Shreveport report-
ed the driest July on record.
With even poorer moisture conditions the yields attributable to
irrigation reported in this bulletin might have been higher. Under
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better moisture conditions they would probably have been lower. In
the latter case, net dollar returns also would likely have been lower.
II. INVESTMENT REQUIREMENTS
The investment in an irrigation system includes such things as
land leveling, the construction of ditches, ponds, reservoirs, and
dams, and the installation of wells, pipe, pumps, motors, hose, and
culverts. All of these items are not necessary for any one irrigation
system. Factors determining which items will be necessary for a
given system include the type of system to be used (whether sprin-
kler or flooding) , the source of water, slope of land, distance from
source to application point, and similar factors.
Initial Investment in Sprinkler and Flooding Systems
The basic differences between flooding and sprinkling lead to ob-
vious differences in investment. These are later reflected in fixed
costs (interest and depreciation charges)
.
The items responsible for most of the difference in the invest-
ment required for sprinkler and flooding systems are pipe and land
leveling. The installation of a sprinkler system requires no land
leveling, whereas this generally makes up a major portion of the in-
vestment in flooding systems. Major investment in pipe is usually not
a requirement where flooding systems are used, although some use
pipe rather than open ditches to conduct water from the source to
the point of application. Sprinkler systems require a major invest-
ment in the pipe and sprinklers which make up the sprinkler system
proper, even for small acreages.
Total Investment
The total dollar investment in either type of irrigation system
depends primarily on the number of acres it is designed to cover and
the source of water that is to be used.
Table 1 shows an average of the total investment requirement
for sprinkler and flooding systems for various acreages on the farms
surveyed in this study. From these data it can be seen that the aver-
age total investment requirement for sprinkler systems exceeded
that for flooding systems at the small acreages but this difference de-
creased as the acreage irrigated increased.
With each 30-acre increase in size the average investment re-
quirement for sprinkler systems increased about $882, while flooding
systems required an additional investment of about $1,452 for the
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same increase in size. Though sprinkler systems require a high be-
ginning investment on small acreages, they can be used over more
acres without a proportionate increase in investment. For example,
a sprinkler system being used to irrigate 30 acres of cotton may be
expanded to 40 acres of cotton with a relatively small additional ex-
penditure. When a flooding system is used on land requiring level-
TABLE 1.—Average Total Investment and Investment per Acre on 71
Farms Irrigating Cotton, North Louisiana, 1956
Investment
Total Per acre
acres irrigated Sprinkler Flooding Sprinkler Flooding
30 $ 5,949 S 2.256 $198.30 S75.19
60 6,831 3.708 113.86 61.79
90 7.714 5.160 85.71 57.33
120 8,596 6.612 71.63 55.10
150 9.479 8.064 63.19 53.76
180 10,361 9,516 57.56 52.87
210 11,243 10.967 53.54 52.23
240* 12,126 12,420 50.52 51.75*
270* 13,008 13,872 48.18 51.38*
'Acreage levels where the average total investment requirement for flooding s>^stems ex-
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FIGURE 2.—Average Investment per Acre in Irrigation Systems Used on
Cotton Farms, North Louisiana, 1956.
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ing, any expansion requires more leveling. To expand from 30 to 40
acres of cotton irrigated by flooding on land requiring leveling would
mean that all the additional land would have to be leveled and the in-
vestment requirement would be increased in proportion to the in-
crease in size. (Investment in land preparation is shown later in
Table 2.)
The data shown in Table 1 are also presented graphically in
Figure 2. It can be seen that the average investment requirement
per acre decreased for both types of systems as larger acreages were
irrigated. The relative decrease in investment requirement per acre
for sprinkler systems was greater than that for flooding systems as
size of systems increased. The major portion of the decrease in in-
vestment per acre occurred below the 50-acre level for flooding sys-
tems, and beyond this point per acre investment remained rather
constant. The investment per acre for sprinkling decreased to the
150-acre level before it became relatively constant for larger
acreages.
It should be emphasized that these data were derived from a
farm survey. They do not necessarily represent the investment re-
quirements for ideal systems. This is especially true on smaller acre-
ages using flooding systems. The equipment used on many of the
smaller farms lacked uniformity and the irrigating practices used
often did not conform to those recommended by irrigation special-
ists. Inadequate land leveling was commonplace.
One of the questions asked farmers in this study had to do with
their estimate of the amount of land their irrigation system would
cover if it were being used to capacity. Many farmers using flooding
systems indicated that they were not using their systems to capacity,
while some farmers using sprinkler systems thought they had ex-
tended the use of their system beyond its most economical capacity,
especially the larger systems. Because of extremely dry conditions
they tried to cover more acres than could adequately be done with
sprinkler systems of the size owned.
Source of Water and Investment
The source of water affects the investment in both sprinkler and
flooding systems. It determines whether or not a well must be dug
or whether a pond, reservoir, or dam must be constructed. If water
is pumped directly from a natural lake or stream none of these items
will be necessary.
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The use of a well almost always requires a duplication of pumps
and motors when sprinkler systems are used. Even when surface
water sources are used for sprinkling, requiring only one pump and
motor, this must usually be a larger pump and more powerful motor
than required for flooding systems, because the unit must also be
able to force water through sprinklers under pressure. Very seldom
is one pump and motor sufficient for pulling water out of a well and
also for forcing it through the sprinkler system.
In addition to the increase in investment requirement for instal-
lation, adding a well to a flooding system may require a more pow-
erful pumping unit than needed for surface water sources to raise
water from a greater depth. However, one pump and motor will
still serve this function. Hence, the increase in investment required
for flooding systems when wells are used will usually not be so great
as is the case when wells are added to sprinkler systems. Wells were
used on 18 of the farms. Separate well cost data for 13 of these
averaged $1,440, varying from as low as S400 to as high as S3.000,
depending on kind, size, and depth.
Investment in Land Preparation
On farm.s irrigating cotton vdth flooding systems land prepara-
tion (including land leveling and construction of ditches for conduct-
ing irrigation water) usually represents a large part of the invest-
ment required. Not all farms using flooding incurred a land leveling
charge, however, because some of them, especially in the sm.aller
acreages, were not operating according to usual recommendations.
-
The investment for land preparation on those farms using flood-
ing systems, and on which land leveling represented a part of the
total investment, is shown in Table 2. The relatively small invest-
ment shown for the smaller acreages may be explained by the fact
that most of the farms in this size group did very little land leveling.
The operator did most of that which was done with whatever equip-
ment he had available. The major portion of the costs shown at the
lower acreage levels was the cost of ditch construction rather than
leveling. With each 30-acre increase in size the increase in the aver-
age total investment requirement for land preparation was about
$516. The increase in total investment Vv^as not proportionate to the
increase in size of acreage irrigated.
'Harry Rubey, Supplemental Irrigation for Missouri and Regions of
Similar Rainfall (Third Revised Edition, Columbia, Missouri: The Univer-
sity of Missouri Engineering Experiment Station Bulletin No. 33. 1953),
Vol. 54, P. 31.
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TABLE 2.—Investment Requirement for Land Preparation on Farms Irri-
gfating: Cotton, North Louisiana, 1956'
Land Preparation










1 Includes investment requirement for both land leveling and ditch construction for flood-
ing systems and for ditch construction only for sprinkler systems.
It should be emphasized that the investment data shown for
land preparation for flooding systems in Table 2 do not necessarily
represent the expenditure for a complete leveling job. Wide varia-
tion in leveling cost for the same number of acres irrigated (on simi-
lar land) indicated varying degrees of application of recommended
leveling practices.^ Since irrigation is a relatively new practice,
many farmers irrigating only a few acres with flooding systems on
relatively flat land do so on an experimental and often somewhat
make-shift basis. The uneveness of water application by flooding,
without adequate leveling, apparently does not concern the operator
so much as the fact that by this method of application he is able to
increase yields with a relatively low initial investment.
Had all the land irrigated by flooding systems, especially on
the smaller acreages, been leveled according to the usual recommen-
dations, the average total investment requirement (Table 2) for land
preparation would have been higher and the over-all difference in
investment (between flooding and sprinkling. Table 1) much smaller.
However, much of the land presently being irrigated by flooding
systems is relatively flat, and extensive leveling would not have
been required on many of the smaller farms.
Because of the relatively slow rate of water application when
sprinkler systems are used there is less runoff and land leveling is
' Harry Rubey, Ibid, p. 31. All of the leveling on the farms in this
study was for irrigation purposes. Leveling is sometimes done for other
purposes, such as drainage. Where it is done for both purposes all of the
investment should probably not be a cost to irrigation. Land leveling for
better drainage can also contribute to yields, especially in v^^et years. It
is a recommended practice in some areas.
12
not necessary. Usually the water applied by sprinkler systems is
conducted from the source to the place of use through pipe. In some
instances open ditches were used for this purpose. The investment
requirement for land preparation on farms using sprinkler systems
(Table 2) represents ditch construction. For each 30-acre increase
in size of sprinkler system this was about $171.
Investment in Equipment
Usually the major portion of the investment in an irrigation sys-
tem was made up of the investment in various kinds of equipment.
Particularly was this true for sprinkler systems since they usually
required a higher investment than flooding systems in such items as
pipe, pumps, and motors.
In most cases it was not possible to obtain the actual expendi-
ture for each item separately because some of the systems were in-
stalled as ''package" units (including a well in some cases) and were
paid for in one bill. In such cases farmers knew only their total
equipment investment.
All of the individual items of equipment commonly used for ir-
rigation were not necessarily used on any one system, either sprin-
kling or flooding. Also, some of the items used are not shown sep-
arately here because of the limited amount of data for the indi-
vidual items. Therefore, a total investment figure for equipment, ob-
tained by summing the investment figures for the individual items
shown following, can not be used to represent the total investment
in this equipment required on any one size of farm.^ Rather, the data
following represent an average for each item on the farms which
used it. Enough data were obtained on these items to allow esti-
mates that are considered reasonably accurate.
Pipe
Pipe is a major item of equipment in sprinkler systems. In most
cases pipe is also used to conduct water from the origin to the sprin-
kler system proper. Flooding systems also use pipe for the same pur-
pose except that the water is usually emptied into a ditch in or near
the field that is to be irrigated.
Usually a larger quantity of pipe is necessary for sprinkler sys-
tems than for flooding systems. In this study the number of feet of
pipe used on each system was obtained when possible. The total and
* For the same reason the estimates of total investment obtained di-
rectly (Table 1) are more accurate than a total obtained by summing
estimates for individual items.
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per acre average length of pipe used on each type of system for the
various acreages is shown in Table 3. The wide difference in the
amount of pipe required for the two types of systems is readily ap-
parent. As the number of acres irrigated increases, the length of
TABLE 3.—Averagre Total Length of Pipe and Length per Acre on Farms




Total Average per acre
Sprinkler Flooding Sprinkler Flooding
30 1,944 513 64.8 17.1
60 2,501 676 41.7 11.3
90 3,058 839 34.0 9.3
120 3,615 1,001 30.1 8.3
150 4,172 1,164 27.8 7.8
180 4,729 1,326 26.3 7.4
210 5,286 1,489 25.2 7.1
240 5,843 1,652 24.4 6.9
270 6,400 1,814 23.7 6.7
pipe per acre decreases considerably. For sprinkler systems most of
this decrease occurs below the 90-acre level and for flooding systems,
below the 60-acre level. Sprinkler systems have a great capacity for
being used over more acres without requiring a proportionate in-
crease in the size of the system.
The total and per acre investment in pipe on each of the two
systems, computed from the dollar figures as reported by the farm-
TABLE 4.—Average Total Investment in Pipe and Investment per Acre for






Sprinkler Flooding Sprinkler Flooding
30 $ 2,487 $ 898 $82.91 $29.93
60 3,495 1,073 58.25 17.88
90 4,503 1,249 50.03 13.88
120 5,511 1,424 45.92 11.87
150 6,519 1,600 43.46 10.67
180 7,526 1,775 41.81 9.86
210 8,534 1,950 40.64 9.29
240 9,541 2,126 39.76 8.86
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PIGURE 3.—Investment per Acre in Pipe on Farms Irrigating Cotton,
North Louisiana, 1956.
ers, is shown in Table 4. The investment in pipe per acre is also
shown in Figure 3. The averages shown in Table 4 do not have ex-
actly the same relationship as those for the physical data (feet of
pipe per acre) in Table 3. This is due to the variation in sizes of pipe
making up the systems and hence the variation in investment as a
result of different prices paid for different sizes.
TABLE 5.—^Investment in Siphons, Sprinklers, Culverts, and "Other"
Equipment on Farms Irrigating Cotton, North Louisiana, 1956
Total investment
Number of
acres irrigated Siphons Sprinklers Culverts
30 $ 101 $ 169 $ 100 $ 166
60 115 239 107 246
90 128 309 114 326
120 142 380 121 406
150 155 450 128 485
180 169 520 135 565
210 182 590 142 645
240 196 660 149 725
270 209 730 155 805
15
Siphons
Siphons are used with flooding systems to conduct water over
the embankment of the irrigation ditch and into the furrow. Some
farmers applied water directly by cutting the ditch levees and let-
ting the water flow onto the field. On farms using siphons the in-
vestment for various acreages is shown in Table 5.
Sprinklers
Sprinklers are a necessary item of equipment on all farms irri-
gating with sprinkler systems. Although it was not possible to ob-
tain the actual amount invested in this item on all farms, the invest-
ment figures based on the data that were obtained are presented in
Table 5.
Culverts
Culverts are used by both types of systems on some farms, pri-
marily for transferring water under roads. The average investment
in culverts (where used) is presented in Table 5.
"Other" Equipment
For both flooding and sprinkling systems some investment was
often required for special need for a particular system. However, the
number of systems having such items of "other equipment" was suf-
ficient to be treated separately.^ The investment requirement for
these items on the farms where they made up a portion of the total
investment is shown in Table 5.
III. COSTS OF IRRIGATION
The cost of irrigation is made up of fixed costs and operating
costs. Fixed cost is the charge made against the investment each
year. Operating (or variable) costs include such variable items as
labor and fuel used directly in the irrigation process and ''additional
costs" which result from irrigation. Additional costs are primarily
labor costs that arise because of irrigation but not necessarily at
the time of irrigation. The cost of picking the additional yield due to
irrigation would be an example. These costs are sometimes over-
looked in computing the cost of irrigation. Actually they warrant
special consideration because they may easily be more than 50 per-
^ This classification includes such items of equipment as well curbing
where pumps are installed below the surface of the ground and dams or
water gates that are constructed in ditches, etc.
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cent of the cost associated with irrigation. In this study, for example,
"additional" costs averaged about 63 percent of the total costs
(Table 12).
While individual cost items differed somewhat between flooding
and sprinkling systems (for example, the cost of investment in level-
ing vs. pipe and sprinklers), they also tended to cancel, leaving no
substantial difference in total costs. In addition, the costs for the
71 farms as a whole are considered better estimates than those for
the individual systems. Thus, most of the following data is an aver-
age of the costs for the two systems.
Fixed Cost
The annual ''fixed cost" of an irrigation system is made up of
the charges for depreciation and interest on the total investment for
a particular year. Total annual fixed cost is a constant. That is, it
remains the same whether the system is used once, none, or five
times during the year. Fixed cost per acre decreases, however, as
the total cost is spread over more acres. The amount the system is
used during the year determines the proportion fixed cost is of the
total cost for the year (since total variable costs increase the more
the system is used while total fixed cost does not) . For most farms
in this study the fixed cost made up a relatively small proportion of
the total cost of irrigating in 1956.
Since some of the systems were used to irrigate other crops in
addition to cotton not all of the fixed cost for the 1956 growing sea-
son was chargeable to cotton. In these instances only the proportion
that the irrigation system was used on cotton was charged as a cost
of cotton irrigation. Generally, this was the major portion of the
fixed cost of owning the system.
Depreciation
An annual depreciation charge of 6.7 percent of the total in-
vestment was used, based on an average estimated life of 15 years
"Sample farms were originally selected randomly from a population
stratified by acreage. However, changes made by farmers in acres irri-
gated after the sample was selected and a lack of farms in the higher acre-
age range made substitutions necessary and prevent qualification as a
strict random stratified sample. Nevertheless, tests of significance of ob-
served difference were used for differences in "a," "b" and selected regres-
sion Y values in the various regression equations. The "a" and "b" values
were often significant but differences in regression Y were not. (See also
footnote 10.)
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for the whole system.' At the end of 15 years the system will, theo-
retically, have depreciated to the point where it has no value.
Total annual and average cost per acre for depreciation charged
to cotton irrigation, for both sprinkler and flooding systems, is
shown in Table 6. Depreciation costs per acre decreased with in-
creases in the acreage irrigated.
Interest
The 6 percent interest charge on capital invested in the irriga-
tion system is considered to be the cost of having money invested in
TABLE 6.—Total and Averagfe Annual Depreciation and Interest Cost for
Irrigating: Cotton, North Louisiana Farms, 1956
Acres of Depreciation cost Interest charge
cotton irrigated Total Per acre Total Per acre
30 $ 274 $ 9.13 $ 122 $ 4.07
60 352 5.87 158 2.63
90 430 4.78 195 2.17
120 509 4.24 203 1.69
150 587 3.91 271 1.81
180 665 3.69 298 1.66
210 743 3.54 308 1.47
240 822 3.43 368 1.53
270 900 3.33 404 1.50
irrigation rather than in some other way. The money could have
been invested in an alternative use which would have yielded a re-
turn at least equal to the interest charge.
Because of the "use" depreciation as the equipment is used it is;
not accurate to charge interest on the total amount of the investment
each year. Since over the lifetime of the system the investment will
be depreciated or used up, interest is charged on one-half the ori-
ginal investment. Interest is also a fixed annual charge against in-
vestment that decreases, on a per acre basis, as it is spread over
' Most of the farmers had no idea how long some items of equipment
would last. In several cases items such as pipe and motors had been used
for several years for other purposes and were of undetermined value. Be-
cause of lack of information and dis-uniformity of items within each classi-
fication of equipment it was impossible to compute a depreciation sched-
ule for each separate equipment classification. Therefore, an average esti-
mate of life of 15 years was used for the whole system and an annual
depreciation charge was computed accordingly. Similar charges have been
used in other studies. See, for example: Oregon Agricultural Experiment
Station Bulletin 532, March, 1953; Idaho Experiment Station Bulletin No.
287, December, 1952; and New Mexico Agricultural Experiment Station.
Bulletin 383, December, 1953.
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more acres. Table 6 shows the interest charge on the total invest-
ment.
Operating Costs
The operating costs of irrigation include such direct costs as
labor, power, repairs, and lubrication during irrigation and those
costs incurred as a result of using the irrigation system (primarily
the labor costs of "additional" chopping, cultivating, poisoning
and picking).^ The latter items are often overlooked in considering
costs of irrigation.
Labor Hours
Labor is a major item of operating cost in irrigation. It is nec-
essary for operating the irrigation system and also for the additional
operations which result from irrigating. Table 7 shows the average
total hours of labor required for one irrigation plus the hours of
labor used in the additional operations. The labor used in the addi-
tional operations exceeded considerably the labor used for the irri-
gation operation alone.
Labor for irrigation alone decreased (per acre) as the number
of acres irrigated increased. Most of the decrease occurred below
the 100-acre level. The labor per acre per irrigation for the ''addi-
tional" operation increased as more acres were irrigated. Most of
this increase occurred below the 100-acre level. Beyond this acre-
age the additional labor requirements tended to remain constant.
The increase in per acre labor requirements for additional opera-
tions as acres increase can be explained by the fact that operators on
larger farms usually were not limited by the amount of capital avail-
able and were usually better informed as to recommended produc-
tion practices. As a result they followed schedules more exactly in
insect control (poisoned more often) and spent more time in culti-
vating and chopping, thereby maintaining better control over vege-
tation in the crop. The combined effect of these operations was to
' It would normally be expected that fertilizer would make up a sub-
stantial part of the "additional costs." However, in this study only about
10 percent of the farmers said they had used extra fertilizer on account of
irrigation. The reason the remainder did not use extra fertilizer was not
determined. It is most likely that the majority of farmers are not
acquainted with the relationship between water, fertilizer, and yields.
There is, at present, very httle experimental data to estabhsh these relation-
ships. The use of additional fertilizer would add to both costs and returns. Ac-
curate determination of the economic levels of water-fertilizer combina-
tions will have to wait for more experimental information.
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TABLE 7.—Hours of Labor for One Irrigation and the Associated "Addi-
tional" Operations, North Louisiana Cotton Farms, 1956
Total hours of labor Hours of labor per acre
Acres of P^^ irrigation for one irrigation
cotton irrigated irrigation Additional Irrigation Additional
alone' operations' Total alone' operations'
30 99.9 453.3 553.0 3.33 15.11
60 165.0 1051.5 1216.5 2.75 17.53
90 230.0 1649.8 1879.7 2.56 18.33
120 295.1 2248.0 2543.1 2.46 18.74
150 360.1 2846.3 3206.4 2.40 18.98
180 425.2 3444.5 3869.7 2.37 19.14
210 490.3 4042.7 4533.0 2.34 19.25
240 555.3 4641.0 5196.3 2.32 19.34
270 620.4 5239.1 5859.6 2.30 19.41
1 The hours of
2 The hours of
of irrigating, such as
labor expended in the irrigation operation.
labor expended in additional operations that were performed as a result
extra chopping, poisoning, cultivating, and picking the additional yield.
increase the yield per acre; thus additional hours of labor were re-
quired for harvesting.^
Labor Cost
The labor cost for irrigation was obtained by applying a charge
of 50 cents per hour to the hours of labor shown in Table 7 for each
of the various sizes of irrigation systems. The data presented in
Table 8 show the cost of the labor expended for irrigation.
TABLE 8.—Cost of Direct and "Additional" Labor for One Irrigation of
Cotton, North Louisiana Farms, 1956
Direct labor cost' Additional cost'
Acres of Per Per acre Per Per acre
cotton irrigated irrigation rer irrigation irrigation per irrigation
30 $ 49.93 $ 1.66 $ 243 $ 8.10
60 82.47 1.37 ^646 10.77
90 114.98 1.28 1,049 11.66
120 147.52 1.23 1,452 12.10
150 180.06 1.20 1,855 12.37
180 212.60 1.18 2,258 12.54
210 245.17 1.17 2,662 12.68
240 277.66 1.16 3,065 12.77
270 305.70 1.13 3,468 12.84
1 The cost of labor expended directly in the irrigation operation.
2 Includes the cost of additional cultivations, chopping, poisoning, and picking that was
necessary as a result of irrigation.
^ This is shown later in this analysis by the additional yields per acre
from irrigation (Table 13).
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All of the costs associated with the operation of an irrigation
system cannot be accounted for in the direct costs of irrigation. As a
result of irrigating cotton it is often necessary to poison more for in-
sect control, to cultivate an extra time and to chop an extra time to
control extra vegetation brought on by irrigation. Finally, there is
the added expense of harvesting the extra yield that irrigation is re-
sponsible for. The cost of all the "additional" operations performed
is an important and often neglected part of the cost of irrigation.
These costs, as shown in Table 8, may often be much greater than
the cost of labor used directly in the process of irrigation. Since a
major portion of "additional" cost is harvesting cost (about 66 per-
cent in this study) this item will vary with yields.
The cost per acre per irrigation of the additional operations in-
creased as more acres were irrigated (due primarily to higher yields
on larger farms) while the labor cost of the irrigation operation it-
self decreased.
Power, Lubrication, and Repair Costs
Power is another variable cost of irrigation. The main sources
of power used by farmers in this study were butane and electricity.
Other sources of power were also used, such as gasoline, tractor fuel,
and diesel fuel.
The power cost for one irrigation (an average of both sprinkler
and flooding systems) is shown in Table 9. The data indicated that
power cost for sprinkling systems was higher than for flooding sys-
tems. Since many sprinkler systems require two motors to irrigate
a given acreage while flooding systems usually require only one mo-
tor to irrigate an acreage of the same size, this difference in power
cost is to be expected.
Lubrication is a minor item in the expense of operating an irri-
gation system. On many systems using electric motors the expense
for lubrication was negligible. Systems powered by internal combus-
tion motors use varying amounts of oil. Table 9 presents an average
of the costs for lubrication on both sprinkler and flooding type irriga-
tion systems. The lubrication cost per acre for both systems de-
creased with increases in acreage irrigated.
Another relatively small expense of irrigation is the cost of re-
pairs. This usually includes such things as minor repair work to
pumps, motors, and pipes. Because of the relative newness of some
of the systems in use, some farmers did not have a repair cost for the
1956 growing season. Table 9 shows the average repair cost per irri-
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TABLE 9.—Power, Lubrication, and Repair Costs for One Irrigation on
Farms Irrig:ating: Cotton, North Louisiana, 1956
Power cost Lubrication cost Repair cost
Acres of Per acre Per acre Per acre
cotton irrigated per irrigation per irrigation per irrigation
30 $ 1.37 $ .09 $ .31
60 1.27 .07 .27
90 1.24 .06 .26




180 1.21 .05 .25
210 1.20 .05 .25
240 1.20 .05 .24
270 1.20 .05 .24
gation. Repair cost per acre decreased as acreage irrigated in-
creased.
IV. ESTIMATING "EXPECTED COSTS" OF IRRIGATION
If a farmer irrigates his crop only one time the total cost per ir-
rigation would be the total amount of the operating cost plus the to-
tal amount of the fixed cost. However, the total cost of two irriga-
tions is not determined by multiplying the cost of one irrigation by
two. Although this would correctly show the operating cost of two
irrigations, fixed cost would be overstated because this would indi-
cate that fixed cost had doubled as a result of irrigating another
time. This cannot be true, because the annual fixed cost is a con-
stant charge not affected by the number of irrigations. For example,
interest on the investment does not double for two irrigations or
triple for three. Labor and fuel cost, on the other hand, may nearly
double for two irrigations or nearly triple for three. Annual fixed
cost is not a function of the number of irrigations. But operating
costs are.
The correct method of computing the cost of two irrigations
(for a given acreage), or of any other number of irrigations, is one
which multiplies the operating cost for one irrigation by the number
of irrigations and then adds to that product the constant amount of
the fixed cost. This method of computation is used in Table 10 in
showing the estimated cost per acre of irrigating cotton one, two,
and three times.
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Average cost per acre
and number of irrigations
One Two Three
oU 'si 90-LZ.0C7 S26.09 S38.98 S51.87
bU o.OU 23.04 37.58 52.12
yu 1 =^ 1 n 22.05 37.15 52.25
±0.<J 1 D.<70 21.30 36.67 52.04
150 15.53 5.72 21.25 36.78 52.31
180 15.64 5.35 20.99 36.63 52.27
210 15.72 5.01 20.73 36.45 52.17
240 15.78 4.96 20.74 36.52 52.30
270 15.82 4.83 20.65 36.47 52.29
1 The operating costs showTi include •additional"






The total cost per acre for one irrigation (at a given acreage) is
determined by adding the constant amount of the fixed cost per acre
to the operating cost per acre for one irrigation. The operating cost
is doubled and the constant fixed cost is added to it in computing the
total cost per acre for two irrigations. The process can be continued
for more irrigations.
V. COST OF IRKIGATIXG COTTON—1956
The previous section, "Estimating Expected Costs of Irriga-
tion," presented estimates based on the individual items of cost to
show how expected costs of irrigation should be computed and to
provide ''bench marlx'' estimates for planning purposes. The data
shown in Part Vsf were based on estimates from Part III on "Costs
of Irrigation" and were adjusted to take into account the numher of
irrigations on each farm.
In this section, however, we are simply concerned with the cost
of irrigation in 1956, without regard to the number of irrigations.
The data showTi in Table 11 are averages of the actual cost of irri-
gation on the 71 farms in the survey. Later, these costs will be sub-
tracted from income to obtain the net returns from irrigation on the
farms in 1956.
Cost per acre in 1956 averaged around S40 to S41 per acre re-
gardless of the number of acres irrigated. These costs include extra
poisoning, the charge for picking the extra cotton, and similar "ad-
ditional" costs. The relationship between total cost and acres irri-
gated is also shown in Figure 4. Points on the two regression lines
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TABLE 11.—Average Total Cost of Irrigating Cotton, 71 North Louisiana
Farms, 1956
Acres of
cotton irrigated Total cost Cost per acre









represent an average of total cost for the particular system and a
given acreage. Statistical tests indicated the observed difference in
average costs between systems could be due to chance. Thus the
data were combined as shown in the table.^^
Total cost
(^1000)
0 50 100 150 200 250 300
^ Sprinkler systems
° Flooding systems
FIGURE 4.—Total Cost of Irrigating Cotton, North Louisiana Farms, 1956.
" The "a," "b" and selected values of regression Y were tested for
significance of difference. Values of "b" (slope) were significantly different
at the 5 per cent level of probability. Differences in "a" and selected re-
gression Y were not significant.
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About 23 of the farmers irrigated once, 24 irrigated twice, 8 ir-
rigated three times, 11 irrigated four times, etc. The average num-
ber of irrigations for the 71 farms was 2.36. If this figure (2.36) is
used with the data in Table 10 it will show that costs per acre for
2.36 irrigations is about $41-$43 per acre.
The proportionate distribution of costs on the 71 farms for 1956
is shown in Table 12. The relative importance of the "additional"
operations is evident. With lower additional yields resulting from ir-


















1 Directly connected with irrigation.
2 "Additional" operations (chopping, picking, poisoning, etc.). Of the additional opera-
tions about 66 percent was for picking, about 24 percent for extra poisoning, and about 10
percent for extra chopping.
rigation the percentage cost for additional operations (particularly
harvesting) would be lower. Ignoring ''additional" costs, the costs
for the irrigation operation alone in 1956 were on the average, about
evenly split between variable and fixed costs. In a drier year, re-
quiring more irrigations, the variable costs would be more important.
VI. THE RETURNS TO IRRIGATION—1956
Most of the farms included in this study had both irrigated and
non-irrigated cotton. This made it possible to obtain a comparison
between the yields of irrigated and non-irrigated cotton grown on
the same farm under the same general conditions except for the ad-
ditional water applied to the irrigated cotton and the additional op-
erations that were performed as a result of the application of water.
The yields shown are the amounts irrigated cotton exceeded non-
irrigated cotton. The cost differences were accounted for in the "ad-
ditional" cost of producing irrigated cotton.
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Yield Increase
The average increase in total yield of seed cotton due to irriga-
tion on the 71 farms is shown in Table 13 and Figure 5. These data
TABLE 13.—Increase in Yield of Seed Cotton Due to Irrigation, North
Louisiana Farms, 1956
A n-rac r^f Yield increasB of seed cotton










show the combined yield increases of both sprinkler and flooding ir-
rigation systems since the difference between the two was not large
enough to warrant separate presentation. From these data it can be
seen that with each 30-acre increase in the number of acres irrigated
the total increase in yield of seed cotton was about 26,160 pounds.
As the number of acres irrigated increased there was an in-
crease in yield of seed cotton per acre (Table 13 and Figure 6).
Seed cotton
(100,000 lbs.)
0 50 100 150 200 250 300
Acres
FIGURE 5.—Yield Increase in Pounds of Seed Cotton Due to Irrigation,






FIGURE 6.—Yield Increase in Pounds of Seed Cotton per Acre Due to
Irrig:ation, North Louisiana Farms, 1956.
Most of the increase occurred below the 100-acre level. Beyond this
point the yield per acre tended to level off and remain constant at
about 835 pounds per acre regardless of increases in size. The great-
er increase in yield per acre on larger farms reflects the combined
effects of several factors such as more effective irrigation, better
control of insects, and better cultural practices.
Gross Added Returns
The total returns obtained from irrigating cotton is the value
of the additional yield that results from irrigation. The 1956 season
average price farmers received for cotton was applied to the physical
data to obtain the total added return from irrigation shown in Table
14. With each 30-acre increase in the number of acres irrigated the
average increase in total added revenue from irrigation was about
$3,602. Table 14 and Figure 7 show the average increase in gross
revenue per acre.
Net Added Returns
Whether or not irrigation is profitable on a farm depends on the
net added returns (or net loss) from its use. Net returns is the
residual of total (gross) returns after total costs have been subtract-
ed. No matter how much total yields, and hence, total revenue, are
increased from the use of irrigation, it will not be a profitable opera-
tion unless 7iet revenue has also been increased.
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TABLE 14.—Total Added Revenue and Cost and Net Revenue from Irri-
gating Cotton, 71 North Louisiana Farms, 1956
Acres of Total added Total iNet added
revenue
cotton irrigated revenue added cost Total Per acre
30 $ 2,576 $ 1,207 $ 1,369 $45.63
60 6,178 2,444 3,734 62.23
90 9,779 3,683 6,096 67.73
120 13,380 4,920 8,460 70.50
150 16,982 6,158 10,824 72.16
180 20,583 7,396 13,187 73.26
210 24,184 8 634 15,550 74.05
240 27,785 9,872 17,913 74.64
270 31,387 11,110 20,277 75.10
The average net added revenue due to irrigation on the 71
farms in this study for the 1956 season is shown in Table 14. These
net added return figures were obtained by subtracting the total cost
of irrigating from the total added revenue from irrigation, also
shown in Table 14. Figure 8 also shows the net added revenue per
acre as a result of irrigating cotton with sprinkler and flooding sys-
tems. The net added revenue per acre increased with an increase in
the number of acres irrigated up to about the 100-acre level for
both systems. Beyond this point the net added revenue tended to
Added revenue
per acre
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FIGURE 8.—Net Added Revenue per Acre as a Result of Irrigating Cot-
ton, North Louisiana Farms, 1956.
level off at about $73 per acre. The reasons for the increase in net
added revenue per acre, as the number of acres increased, are the
same as those just given for the increase in total added yields.
VII. SUMMARY AND CONCLUSIONS
Summary
Interest in cotton irrigation in Louisiana has been increasing.
Farmers are beginning to realize that irrigation offers opportunities
for increasing profits on many farms over a period of years because
the distribution of rainfall, even in humid areas, is often not optimum
for crop production. Some farmers have installed irrigation systems
of one of two general types, sprinkler or flooding systems. Other
farmers are trying to decide whether or not an irrigation system
would be profitable and which type of system would be best for their
particular farms. The investment required and alternative uses for
capital make this an important decision.
Some knowledge of the costs of irrigation and the returns that
may be expected from its use is necessary if the decision is to be
wisely made. The primary objective of this study was to provide this
kind of information for cotton irrigation. Very little information of
this nature is available in Louisiana at the present time.
The primary data used in the study were collected by personal
interview with 39 farmers irrigating cotton with flooding systems
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and 32 farmers irrigating cotton with sprinkler systems in the Mis-
sissippi and Red River Delta Areas of North Louisiana. Most of the
farmers also grew cotton which they did not irrigate. The yields of
irrigated and non-irrigated cotton were compared in order to obtain
the added yield resulting from irrigating.
Where it was feasible to do so, a comparison of sprinkler and
flooding systems was made. It was shown that with each 30-acre in-
crease in size the increase in the average total investment required
for sprinkler systems was about $882 while that for flooding systems
was about $1,452. The average level of investment in sprinkler sys-
tems, however, generally exceeded that of flooding systems, ranging
downward from $198 per acre at 30 acres to $48 per acre at 270 acres
for sprinkler systems, and from $75 to $51 per acre for flooding
systems. Farmers' estimates of the ''potential" acreage capacity of
flooding systems generally exceeded the actual acreages over which
they were being used. However, farmers using sprinkler systems
indicated that they had already extended the use of these systems
beyond their estimated potential acreage capacity.
Land leveling was a major item of investment for flooding sys-
tems, while no land leveling was required for sprinkler systems. The
total investment for land preparation for flooding systems ranged
from $373 at 30 acres to $5,018 at 300 acres, while the range was
from $260 to $1,794 for sprinkler systems for the same range in
acreage.
The investment in equipment made up the major portion of the
average investment requirement in irrigation systems on the farms
included in the study. Items of equipment on which data were ob-
tained included wells, motors, pumps, pipe, siphons, sprinklers, cul-
verts, and ''other" equipment. Sprinkler systems, of course, required
much more pipe than did flooding systems. The average investment
in pipe for sprinkler systems ranged downward from $82.91 per acre
at 30 acres to $39.07 at 270 acres. For the same size range the aver-
age investment in pipe for flooding systems ranged from $29.93 to
$8.52 per acre. The investment in the remaining items of equipment
made up relatively small portions of the total investment in equip-
ment. Investment per acre in all these items decreased as acres irri-
gated increased.
The total cost of irrigation includes the two general categories,
fixed and variable costs. Fixed cost includes charges for deprecia-
tion and interest on the total investment. Depreciation was comput-
ed at 6.7 percent of the total investment and averaged from $9.13
30
per acre at 30 acres to $3.33 per acre at 270 acres. Interest was com-
puted at 6 percent of one-half of the total investment and ranged
from $4.07 per acre at 30 acres to $1.50 per acre at 270 acres.
The operating or variable cost of irrigation included labor, pow-
er, lubrication, and repairs expended directly in the irrigation opera-
tion plus the expenses of the ''additional" operations performed as a
result of irrigation.
Labor was one of the major items of cost in the operation of
both sprinkler and flooding systems. Most of the labor cost was for
indirect items, such as chopping, picking the additional cotton, and
extra cultivations and poisoning, rather than for the irrigation op-
eration itself. The cost per acre of labor for ''additional" operations
increased from about $8.10 per irrigation at 30 acres to $12.84 per
irrigation at 270 acres. The cost per irrigation of labor expended
directly in the irrigation operation decreased from $1.66 to $1.13 per
acre per irrigation over the same range. The costs of power, lubrica-
tion, and repairs per irrigation were of minor importance as com-
pared to the other costs.
The average total cost of irrigation on the 71 farms in 1956
ranged upward from $1,207 at 30 acres to $11,110 at 270 acres. Aver-
age cost per acre was about $41 over the range in acreage in 1956.
Since the range in costs was wide and overlapped between systems
(flooding and sprinkling) differences observed were considered due
to chance, and the data were combined.
There was no appreciable difference in the additional yield of
seed cotton obtained from irrigating with the two systems. The
average additional yield resulting from irrigation for each 30-acre
increase in acres irrigated was about 26,160 pounds. Added yields in-
creased from 622 pounds of seed cotton at 30 acres to 844 pounds at
270 acres. The added gross revenue per acre resulting from irrigation
was related to increases in acreage in the same manner as added
yield per acre. The average net added revenue per acre from irriga-
tion increased from $45 at 30 acres to $75 at 270 acres.
Conclusions
On the 71 farms included in this study the operation of an irri-
gation system for cotton in 1956 was highly profitable. The profit
per acre was somewhat greater when larger acreages were irrigated
than when smaller acreages were irrigated. Though the fixed cost
per acre decreased as acreage irrigated increased, operating costs
per acre increased so that the effects of these two components of total
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cost tended to be offsetting. Thus, total cost per acre tended to re-
main relatively constant throughout the range in acreage for both
systems. Gross returns from irrigation more than paid for the use
of the systems in 1956, a year that was relatively dry.
The results of this study should be of use to farmers who are
considering irrigating cotton. The costs and returns presented here
may not be those that could be expected from systems operated un-
der ideal conditions or every year. They do represent results of
cotton irrigation based on experience in the Delta Areas in 1956. As
such they provide an indication of what may be expected from the
irrigation of cotton in the future, where weather and related condi-
tions approximate those existing during 1956.
Whether to install an irrigation system, the kind to use, and re-
lated decisions are problems that must be decided for the individual
farm.
32
